Experiments conducted over a 4-year period, on a polymer enhanced bentonite-sand mixture (PEBSM) used as cover for gold mine tailings are reported. The effect on PEBSM hydraulic conductivity (k) of subgrade porewater chemistry, subgrade water content, and confining stress are investigated. Results show that the reduction in the mole fraction of bound Na + (ESP) and corresponding increase in k of PEBSM with time was highly dependent on the ionic strength of the subgrade porewater. When the PEBSM was in direct contact with gold mine tailings with porewater having an ionic strength of 145 mM, ESP decreased from 59% to 2% and k increased from 4x10 -11 to 6.9x10 -9 m/s. The ESP and k values of PEBSM over tailings with 11 mM porewater were 21% and 6.9x10 -11 m/s. A 0.15-m-thick foundation layer between tailings and PEBSM layer significantly lowered the reduction in ESP and increase in k with time as did a reduction in the subgrade water content. There was no effect of changing confining stress from 15 to 7.5 kPa on k values of PEBSM. The PEBSM layer acted as a good barrier to the migration of arsenic from tailings upward towards cover soil above PEBSM layer.
INTRODUCTION
Gold mine tailings often contain total and porewater arsenic (As) concentrations higher than the maximum allowable values specified by the Canadian soil quality guidelines (12 µg/g, Environment Canada 1996) and the Canadian drinking water quality guidelines (10 µg/L, Health Canada 2010) (Parsons et al. 2012) . Arsenic is a well-known toxic element; therefore, human exposure to gold mine tailings by inhalation or ingestion is a health hazard that can result in a variety of diseases including various forms of cancer, cardiovascular and peripheral diseases (Hopenhyan-Rich et al. 1996; Kaltreider et al. 2001; Walker et al. 2009 ). In addition, Gold mine tailings represent a source of potential or observed groundwater and surface water contamination in Canada (Jamieson et al. 2015; Fawcett et al. 2015) and elsewhere in the world (Rösner and Schalkwyk 2000; Kiventerä et al. 2016 ).
Covering of tailings with a low permeability material is one common means of minimize the potential hazardous effects of gold mine tailings on the surrounding environment by: (i) preventing any direct contact between tailings and humans, (ii) minimizing wind blow distribution and inhalation of fine tailings, and (iii) reducing the infiltration of precipitation through the tailings; therefore, minimizing potentiality of arsenic release (Bussière 2009; Mazzieri et al. 2013; Zhang et al. 2016 ).
There has been considerable research involving testing of geosynthetic clay liners (Acikel et al. 2015; Beddoe et al. 2011; Hosney and Rowe 2013; Lake and Rowe, 2000a,b, 2005; Liu et al. 2015; Rowe and Hosney 2015) and conventional bentonite-sand mixtures as a clay liner in various applications; the focus of this paper is on the latter. The bentonite-sand mixtures are characterized by the combination of relatively high strength, low compressibility, and relatively low initial hydraulic conductivity (Yanful and Shikatani 1995; Stern and Shackelford 1998;  D r a f t Stewart et al. 2003; Gueddouda et al. 2008; Dimitrova and Yanful 2012) . This combination of properties is achieved by using a mixture that contains enough appropriately graded sand to increase the strength of the compacted mixture and enough bentonite to seal the voids in the sand matrix. However, often the tailings or soil with which the clay liners is in contact contains plentiful divalent (e.g., Ca 2+ and/or Mg 2+ ) and in some cases trivalent (e.g., Fe 3+ ) cations which, because the bentonite is mostly Na + bentonite, can exchange with the Na + in the bentonite. This cation exchange between di-and trivalent cations and Na + can significantly reduce the swell capacity of the bentonite and the double layer contraction can cause an increase in the hydraulic conductivity of the bentonite-sand layer (Kenney et al. 1992; Kolstad et al. 2004, Lee and Shackelford 2005; Meer and Benson 2007; He et al. 2015; Morandini and Leite 2015) .
In recent years, there has been a move to improve the chemical resistance of bentonite (i.e., make it less susceptible to the effects of cation exchange) by mixing the bentonite with watersoluble polymers and preparing the mixture in-situ using low salt concentration solution (i.e., tap water) (Boels et al. 2003; Bohnhoff and Shackelford 2013; Scalia et al. 2014) . The enhanced chemical resistance of bentonite obtained by adding polymer is expected to allow the low conductivity of the modified bentonite to be maintained for longer period of time than the unmodified bentonite. However, the hydraulic conductivity (k) values of modified bentonites are highly depending on the type, valence, and concentration of polymer used to modify bentonite as well as the chemical properties of the permeating liquid. Schenning (2004) measured the k of bentonites modified with cationic, anionic, and nonionic polymers using flexible wall permeameters (FWPs) and single-salt species of 1 M CaCl 2 solution as permeating liquid. The k of bentonite modified with a cationic polymer (1.6x10 -10 m/s) was about two orders of magnitude higher than k measured for bentonite mixed with an anionic polymer. Interestingly, the k of D r a f t 5 bentonite specimens mixed with high cationic polymer and permeated with the 1 M CaCl 2 solution was higher than the k measured for non-modified bentonite, under similar conditions. Therefore, mixing bentonite with polymers does not always guarantee a better hydraulic performance and the effect is highly dependent on the properties of polymer and the exposure conditions. Razakamanantsoa et al. (2016) and Razakamanantsoa and Djeran-Maigre (2016) measured k of bentonite modified with two different types of polymers (one cationic and the other anionic) using rigid wall permeameters and a multispecies synthetic leachate as permeant. Consistent with Schenning (2004) , the k value for bentonite samples mixed with anionic polymers was about one order of magnitude lower than that for bentonite mixed with cationic polymers. However, in contrast with Schenning (2004) , the k values of bentonite samples mixed with both the cationic and anionic polymers were less than the k measured for untreated bentonite. Ashmawy et al. (2002) carried out k tests to evaluate the response of untreated and polymer enhanced bentonites to water and ash fill leachates. They indicated that pre-hydration of bentonite was more beneficial than the use of modified bentonites where polymer enhanced bentonites only exhibited limited improvement in terms of reduction in hydraulic conductivity.
The difference in research results regarding the effect of polymers on the hydraulic performance of polymer enhanced bentonite highlights the fact that the content and formulation of polymers in commercialized modified bentonite are often confidential, making the comparison of the results from different research very difficult.
To authors' knowledge, all published research has investigated the permeation (using either a single-or multispecies synthetic solution) of polymer enhanced bentonite which either had no pre-hydration or had been pre-hydrated with deionized water prior to permeation. However, in a D r a f t 6 cover application, the polymer enhanced bentonite is expected to be hydrated first from the porewater of the surrounding soil (which will usually contain more multivalent cations than deionized or tap water) before being permeated with the porewater of the overlying cover soil. In addition, despite the increased demand for covering gold mine tailings in Canada and elsewhere in the world, there is no published research investigating the performance of the polymer enhanced bentonite-sand mixtures under these conditions. Thus, the thesis of this research is to examine the change in the hydraulic performance of polymer enhanced bentonite-sand mixture (denoted herein by the acronym PEBSM) for use as a clay liner in a final cover over arsenic-rich gold mine tailings under isothermal laboratory conditions. The research objectives also include studying the effect on the hydraulic conductivity of: (1) the chemical composition of the tailings porewater, (2) the presence of a foundation layer between the PEBSM and the tailings, (3) the initial water content of the tailings, and (4) the applied stress. In addition, the upward migration of arsenic through the PEBSM layer to overlain cover soil is examined.
The hydraulic conductivity and cation exchange capacity of exhumed PEBSM samples were measured after 9, 21, and 48 months of exposure under conditions relevant to PEBSM over D r a f t 7 PEBSM layer had particle size distribution predominantly between 0.2 and 0.6 mm ( Figure 1 ).
The concentration of the soluble cations in the sand (using the shake flask extraction technique method described by Price (2009)) was Ca 2+ = 14 mg/L; Mg 2+ = 7 mg/L; Na + = 3 mg/L; and
The initial swell index (SI) of the virgin polymer-enhanced bentonite was 30 mL/2 g (as per ASTM D5890-06; standard deviation = 1 mL/2 g for 5 specimens). The test procedure described in the ASTM D7503-10 was followed to measure the cation exchange capacity as well as the m/s.
The initial ESP in the PEBSM was 59%; whereas, the initial ECP, the mole fraction of Mg (EMP), and the mole fraction of K (EKP) were 28%, 1%, and 12%, respectively. brown near surface and trending to red to gray with depth. L1 tailings had the lowest total As concentration at the site (4500 µg/g; Table 1 ). This As concentration is about 450 times higher than the Canadian soil quality guidelines. The total iron, calcium, and sulphur concentrations were 42850, 2655, and 270 µg/g, respectively. The As concentration in porewater ( respectively. The iron concentration was 115.9 mg/L. The pH was 2.7, the ionic strength of the porewater was 54.5 mM and MDR was 1.1 (standard deviation = 0.2 based on 14 specimens). 
Cover and foundation soil
The soil used for the cover and foundation layers was classified as sand and gravel, with some silt and trace clay (Figure 1 ). The total As concentration was 10 µg/g (Table 1 ). At full D r a f t saturation, the porewater had As < 0.03 mg/L, Ca 2 = 41 mg/L, Mg 2+ = 9 mg/L, and Mn 2+ = 7 mg/L, pH = 5.5, and ionic strength of 7.1 mM with an MDR =1.6±0.3 (based on 14 specimens).
EXPERIMENTAL PROGRAM
To investigate the performance of PEBSM over gold mine tailings, 0.3-m-thick layer of extracted tailings was compacted into 18 PVC columns (0.1-m-internal diameter); then, the tailings in each column were covered by 0.07-m-thick PEBSM layer in six different configurations ( Figure 3 and Table 2 ), with three identical columns for each configuration to allow termination of the experiments at different times. All configurations had the PEBSM layer resting directly on tailings, except for one case (Series 4) where a 0.15-m-thick foundation soil was placed between tailings and the PEBSM layer. In all configurations, soil (the same used as foundation layer) was placed above the PEBSM layer to provide a confining stress.
The tailings and the soil in the cover layer (and the foundation layer, if present) were compacted on the top of the tailings to a dry density of 17.5 and 15.0 kN/m 3 , respectively, at a water content (ω) of 20% in most cases (density and water content are typical of that often found on site). The lowest ω measured for tailings at the Montague gold mine site in summer 2009 was 10%; thus, one configuration (Series 5) was prepared at this ω. Tap water was used to adjust the water content to the target value. A confining stress of 15 kPa (equivalent to overburden stress of about 1 m soil) was applied above the PEBSM layer, except in one case (Series 6) where only a 7.5 kPa stress was applied above the PEBSM layer.
In all configurations, the PEBSM layer was prepared at a dry density of 15.4 kN/m 3 and ω of 9%. The target ω was achieved by adding tap water to the mixture. The mixture was prepared with 88.3% sand, 11.5% bentonite, and 0.2% Trisoplast polymer. After setup, the columns were sealed and stored under controlled isothermal conditions at 20 o C.
D r a f t
Sampling events took place at 9, 21, and 48 months after test setup. At the first two sampling events, the 0.07-m-thick PEBSM layer was exhumed and cut into two layers (top and bottom) and the hydraulic conductivity and the exchangeable cations were measured for each layer.
However, at 48-months, the 0.07-m-thick PEBSM samples were not cut and the entire thickness was tested for k. The 9-and 21-month samples were cut into two layers to see if there was any consistent difference between the top and bottom. The 48-month samples were tested without cutting into two layers to ensure no disturbance took place and to give the bulk k of the extracted PEBSM samples. In addition to k testing, specimens from the PEBSM layer, tailings, foundation layer (if any), and cover layer were tested to measure the As concentration in the porewater and the solid phases.
RESULTS AND DISCUSSION

Hydraulic conductivity and exchangeable cations for exhumed specimens
Flexible wall permeameters were used under falling head/rising tail conditions to measure hydraulic conductivity values for the PEBSM in accordance with the ASTM D5084-03. The differential head across each tested specimen was 1.2 m (= hydraulic gradient of 17 for 0.07-mthick specimen). The average confining pressure was 7.5 or 15 kPa (depending on the stress used in the columns). The permeant used was synthetic water with a chemical composition similar to the porewater chemistry of the cover soil (with ionic strength = 7.1 mM; Table 1 ). The water content (w f ) and the thickness (H) of the PEBSM samples upon extraction and before any k testing are presented in Table 3 .
The k values of PEBSM layers exhumed after 9, 21, and 48 months of exposure from above gold mine tailings are presented in Table 4 . The effect of porewater chemistry of the tailings, D r a f t presence of foundation layer between the PEBSM layer and tailings, ω of tailings/soil, and confining stress on k values of the PEBSM is discussed below.
Effect of porewater chemistry of tailings
The effect of porewater chemistry of tailings on k values of the PEBSM layer can be assessed by comparing the k values obtained from Series 1, 2, and 3 (Table 4 and Figure 4a ). The k values of the PEBSM layer above tailings from location L1 (ionic strength = 11 mM, and MDR = 0.9), L2
(ionic strength = 54 mM, and MDR = 1.1), and L3 (ionic strength = 145 mM, and MDR = 0.17) after 48 months of exposure increased from an initial value of 4.0x10 -11 m/s to 6.9x10 -11 , 1.7x10
-10 , and 6.9x10 -9 m/s, respectively. To check that the relatively high k value for the PEBSM layer in direct contact with tailings from L3 was not a result of side wall leakage, once hydraulic equilibrium was reached, dye was added to the synthetic cover soil porewater used to permeate the PEBSM specimens and no side wall leakage was observed. This confirmed that the observed significant increase in k was due to the increase in the ionic strength of the porewater of tailings from which PEBSM layer was hydrating. The rate of increase in k values with time ( Figure 4a) also was faster when the PEBSM layer rested on tailings characterized by the highest ionic strength and lowest MDR. When the k values measured for all PEBSM specimens extracted from the columns after 9, 21, and 48 months are plotted against the ionic strength of the porewater in the subgrade (Figure 5 ), the role of ionic strength is highlighted.
The observed increase in k with increasing ionic strength of the subgrade porewater is attributed to the increase in the level and rate of cation exchange that can take place between Na + initially in the PEBSM layer and the divalent cations in the porewater of tailings ( (Figure 4b ). Based on the data from all exhumed PEBSM samples, Figure 6 shows that the increase in k was strongly correlated with the reduction in the ESP (Figure 6a ) and the increase in the mole fraction of divalent cations ( Figure   6b ).
In summary, the increase in the ionic strength of porewater of subgrade leads to a higher and faster reduction in the mole fraction of Na + in the PEBSM layer as a result of cation exchange with the subgrade layer. This cation exchange process leads to an increase in k value of PEBSM layer directly related to the ionic strength of subgrade porewater.
Effect of foundation layer
When the PEBSM layer was in direct contact with tailings from location L3 for 48 months (Series 3), the k value increase by about two orders of magnitude to 6.9x10 -9 m/s. In contrast, under similar cover configuration, but with a 0.15-m-thick foundation layer between the tailings and the PEBSM layer (Series 4), the k value after 48 months only increased by a factor of 1.75 from 4.0x10 -11 to 6.9x10 -11 m/s (Table 4 and Figure 7a ). Thus, the 0.15-m-thick foundation layer beneath the PEBSM layer significantly limited the increase in k of the PEBSM layer. The k values of the PEBSM over a foundation layer over L3 tailings are also plotted in Figure 5 for the ionic strength of the foundation (the subgrade directly below) to highlight the role of the material on which the bentonite is in contact plays in affecting its hydraulic performance and the D r a f t 14 beneficial role of the foundation layer in isolating the bentonite from the high ionic strength L3
porewater over the four-year period examined.
The benefit gained from the foundation layer is because it is acting as a barrier for the migration of divalent cations from the tailings upward towards the PEBSM layer, thereby limiting the cation exchange that can take place between tailings and PEBSM layer. For example, the values of the mole fraction of Na + for the cases without and with foundation layer (Series 3 and 4, respectively; Table 5 ) were 2% and 25%, respectively. In addition, the rate of reduction in the ESP with time when there was a foundation layer was much slower compared to case of PEBSM layer in direct contact with tailings ( Figure 7b ).
Effect of water content of tailings/soil
When the water content of the tailings and cover soil was 10%, the k of the PEBSM in direct contact with L3 tailings for 48 months was about one order of magnitude lower than the case when the ω of tailings and cover soil was 20% (k = 3.0x10 -10 m/s when ω = 10% versus k = 6.9x10 -9 m/s when ω = 20%; Series 5 and 3, respectively, Table 4 and Figure 7a ). Thus, the lower the ω of the surrounding tailings and soil, the lower the increase in the k value of PEBSM layer. This is because at low water content, the high suction of the unsaturated tailings/soil slows down the advective (due to suction) and diffusive migration of divalent cations and then reduces the level and rate of cation exchange. Figure 7b and Table 5 show that the ESP of PEBSM layer after 48 months of exposure to L3 tailings compacted at 10% water content was 21% compared to 2% of ESP when the water content was 20%.
Effect of confining stress
Within the range of the confining stress examined herein (7.5 to 15 kPa), there was no significant effect of the confining stress on the measured k value of the PEBSM layer (Series 3 and 6; Table D  r  a  f  t   15 4 and Figure 7a ) and the level and trend of cation exchange that took place between the PEBSM layer and tailings (Table 5 and Figure 7b ) after 48 months of exposure. Assuming near isothermal conditions (as in the laboratory experiments), the thickness of the cover soil above the PEBSM layer at site could be selected to be between 0.5 to 1.0 m thick (to provide 7.5 kPa to 15 kPa confining stress).
Arsenic uptake
One of the main functions of the cover system over gold mine tailings is to prevent any direct contact between tailings and human exposure. Therefore, the PEBSM layer needs to minimize ingress of infiltration (controlled by k) and egress of As (by diffusion) from the underlying tailings to the surrounding environment to be considered an effective barrier. Hence, the As concentrations in the porewater and solid phases were measured for specimens from tailings, cover and foundation soil, and PEBSM layer exhumed after 9 and 48 months exposure to tailings.
The As concentration in the porewater of PEBSM layer resting directly on tailings from location L1 increased from below the detection limit (< 0.03 mg/L) for virgin PEBSM to 0.6-10.4 mg/L after 9 months exposure (Table 6 ) with the highest increase in the As concentration at the interface between the PEBSM layer and the tailings (Figure 8a ). In the solid phase, the total As concentration increased from < 0.1 µg/g to 5.7-17.7 µg/g after 9 months of exposure. There was no significant change in the measured As concentration in both porewater and solid phases between 9 and 48 months (see Figure 8a ). This suggests that the migration of As was mostly due to advective migration with hydration of the bentonite from the subgrade in the early stages and that there was subsequently minimal diffusion of As over the subsequent more than 3 years. For D r a f t PEBSM on L1 tailings (at 20%), the degree of saturation of the PEBSM layer was 85% after 9 months and 100% after 21 months. Thus most of the hydration occurred in the first 9 months.
When the PEBSM layer was covering tailings from L2 (with higher porewater and total As concentrations compared to L1 tailings), the soluble and the total As concentrations increased in the PEBSM layer to 3.5-15.5 mg/L (Figure 8b and Table 6 ) and 11.3-145 µg/g, respectively, after 48 months of exposure. The higher As concentration in the solid and aqueous phases in this case compared to the case of PEBSM overlain tailings from L1 is due to the higher As centration in L2. For PEBSM on L2 tailings (at 20%), the degree of saturation of the PEBSM layer was 93% after 9 months and 100% after 21 months. Figure 8c and Table 6 show that the As concentration in the porewater of the PEBSM layer increased to 0.5-4.2 mg/L when the PEBSM layer was in direct contact with L3 tailings after 48 months. In this case, the total As concentration increased to 44-85 µg/g. On the other hand, when there was a foundation layer in between the PEBSM layer and the tailings from L3 (Figure 8d ), the As concentration in the porewater of the PEBSM layer only increased to 0.2-0.9 mg/L and the total As concentration only increased to 4.1-7.1 µg/g. This difference in the As concentrations between the case without and with foundation layer (Figures 8c and 8d ) is because the foundation layer is serving as a diffusive barrier for the As migration up to the PEBSM layer. The degree of saturation of the PEBSM layer was 100% and 89% after 9 months on L3 tailings (compacted at 20%) and the foundations layer (compacted at 20%), respectively, with the difference probably due to the different grains size distribution (and hence water retention curves) for the two subgrades.
There was no clear effect for the range of initial ω of the tailings/soil or overburden stress examined on the As migration through and attenuation in the PEBSM layer (compare Series 5 D r a f t and 6 with Series 3; Table 6 ). For tailings and soil compacted at a ω of 10%, the As concentration in the porewater of the PEBSM layer increased to 1.5-6.5 mg/L after 48 months (compared to 0.5-4.2 mg/L where the tailings and soil compacted at 20%). Similarly, the As concentration in the PEBSM layer overlying L3 tailings and subjected to overburden stress of 7.5 kPa increased to 3.2-6.3 mg/L.
The arsenic concentrations in the porewater of cover soil above the PEBSM layer in the 6
configurations shown in Table 6 were less than the detection limit. Therefore, the 0.07-m-thick PEBSM layer was acting as an excellent barrier for the migration of arsenic towards the cover soil for all the scenarios examined over the 4 years examined.
Comparison with performance of geosynthetic clay liners
The hydraulic and chemical performance of different GCL products for covering gold mine tailings has been examined in two previous studies directly relevant to this study [i.e., Rowe and Hosney (2013) and Hosney and Rowe (2014) ]. Figure 9a shows the k values for both PEBSM and polymer enhanced bentonite GCL covering gold mine tailings extracted from the same three locations at the Montague gold mine site described earlier. All test conditions were identical except the type of clay liner (PEBSM or GCL). Under similar conditions, the k values of GCL measured for up to 48 months of exposure to tailings were lower than those for PEBSM (Figure 9a ). The ratio between the k of PEBSM layer and GCL (k PEBSM /k GCL ) depended on the ionic strength of the tailings porewater. In particular, for tailings with an ionic strength lower than 54 mM (tailings from L1 and L2), the k PEBSM /k GCL was 4; whereas, k PEBSM /k GCL was 70 for L3 with ionic strength = 145. This is because exposure to porewater with high ionic strength accelerated the cation exchange and loss of Na loading, bentonite in GCL could consolidate and this consolidation reduced the void ratio and pore size of the bentonite layer and hence reduced k values despite the cation exchange (Egloffstein 2001; Petrov and Rowe 1997) . Thus, the change in k of GCL was the result of the net effect of cation exchange and consolidation on k. This is not the case for the PEBSM layer where the bentonite is contained in a sand matrix. It appears that the sand matrix carried the applied stress and hence the bentonite in the sand pores is not subject to the same stress as that in the GCL (although the externally applied stress is the same) and hence does not have the same benefit of consolidation to minimize the effect of double-layer contraction in the bentonite of PEBSM as is possible for the GCL. Thus, the void ratio and size of pores of the PEBSM layer will not be reduced significantly after cation exchange and k is largely dependent on the effect of cation exchange on double layer contraction. On the other hand, the void ratio of the PEBSM layer may be reduced by applying a higher initial compaction rate. Also the amount of bentonite can be increased. Both may minimize the effect of double-layer contraction. Furthermore, the change in k is only one factor affecting infiltration through the liner under the same head. The other factor is the thickness of the liner.
The calculated leakage (using Darcy's law) through the 70 mm-thick PEBSM layer (q PEBSM ) is compared to that through the approximately 10 mm-thick GCL (q GCL ) in Figure 9b (q PEBSM /q GCL ).
The leakage through the PEBSM layer was smaller than that for GCL (q PEBSM /q GCL = 0.4-0.6) when used as cover over locations L1 or L2 tailings based on the 48 month k values. However, q PEBSM /q GCL was about 9 for tailings from L3. Thus, PEBSM could be expected to perform very well in limiting leakage when in contact with relatively benign tailings but not over chemically aggressive (i.e., high ionic strength and low MDR) tailings over the 4 years examined.
D r a f t
For all configurations examined for both PEBSM and GCL over gold mine tailings for up to 4 years, the arsenic concentrations in the solid and aqueous phases of the cover soil were less than the detection limit. Therefore, both barrier layers were acting as effective diffusive barriers for the migration of arsenic towards the cover soil.
In summary, under similar conditions, the leakage through the PEBSM layer was smaller than the leakage through GCL when the level of ESP in the PEBSM layer was high enough to allow the bentonite to seal voids between sand particles. Once the Na + in the PEBSM layer was essentially completely exchanged with multivalent cations in porewater of adjacent soil, the leakage through PEBSM layer was significantly higher than that for the polymer enhanced GCL examined. Thus, the selection of PEBSM or GCL to be used as cover material will depend on the expected level of cation exchange and duration of exposure. The functionality of the PEBSM layer may be improved by reducing the pore size through application of a higher initial dry density or by applying a higher initial bentonite content.
SUMMARY AND CONCLUSIONS
The performance of the Trisoplast polymer enhanced bentonite-sand mixture (PEBSM) for covering gold mine tailings was assessed based on a series of isothermal laboratory simulations.
To simulate the PEBSM over gold mine tailings, tailings were collected from the former 6. Under similar conditions, the calculated leakage through the PEBSM layer was smaller than the leakage through GCL (exposed to similar conditions) providing that the amount of ESP in the PEBSM layer is high enough to allow bentonite to swell and seal voids between sand particles. Otherwise, the leakage through the PEBSM layer will be much higher (up to 10 times) compared to the leakage through GCL.
Despite the increase in k values of the PEBSM layer above tailings from Locations 1 and 2, the measured k values may be considered low and sufficient for cover applications. In addition, although there was a significant increase in k for the PEBSM layer when it was resting directly on Location 3 tailings, tests showed that a 0.15-m-thick foundation layer between the tailings and the PEBSM layer can limit the effect of interaction with tailings on k and a low k (of about 7x10 -11 m/s) can be maintained for up to 4 years of exposure. Therefore, it appears that with a proper design, the PEBSM layer could be a good cover for gold mine tailings. 
Figure 9
Comparison of PEBSM and GCL as hydraulic barrier when in direct contact with tailings in terms of (a) hydraulic conductivity (k), and (b) the ratio between leakage through PEBSM (q PBSM ) and leakage through GCL (q GCL ). The 9-and 21-month data from Rowe and Hosney (2013) and the 48-month data from Hosney and Rowe (2014) D r a f t (a) Synthetic cover soil water was used as permeant liquid for Series 1 to 6. (b) The harmonic mean of the hydraulic conductivity of the PEBSM layer (k eqi = 2 / (1 / (k "top half") +1 / (k "bottom half")). Figure 9 Comparison of PEBSM and GCL as hydraulic barrier when in direct contact with tailings in terms of (a) hydraulic conductivity (k), and (b) the ratio between leakage through PEBSM (qPBSM) and leakage through GCL (qGCL). The 9-and 21-month data from Rowe and Hosney (2013) and the 48-month data from Hosney and Rowe (2014) (a) (b)
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